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INTRODUCTION
This paper generalizes the global economic growth model with any number of countries and each country with any number of regions recently proposed by Zhang (2016) . Zhang's model extends Uzawa's two-sector growth model to a global economy for examining dynamic interactions between international trade, national and global growth, interregional migration, wealth accumulation and regional amenities. This study generalizes Zhang's model by allowing all the time-independent parameters to be time-dependent. The generalization makes it possible to examine effects of any types of exogenous time-dependent shocks on the dynamic system cross regions and countries over time. We specially show how business cycles can be generated by different exogenous periodic shocks. 
Behavior of Consumers
We assume absent landownership, which means that the income of land rent is spent outside the economic system.
A possible reasoning for this is that as the land is owned by the government, people can rent the land in competitive market, and the government uses the income for military or other public purposes. Consumers choose lot size,  the propensities to consume lot size, capital good, and services, and to hold wealth (save), respectively. In (8),
as the population may have either positive or negative effects on regional attractiveness. Maximizing
Wealth Accumulation
According to the definition of  , t s jq the wealth accumulation of the representative person   q j , is given by
The equation implies that the change in wealth is the saving minus the missaving.
Equalization of Utility Levels between Regions
As households are freely mobile between regions, the utility level of people in the same country should be equal, irrespective of in which region they live, i.e.
Capital and Wealth
We use
to denote the capital stocks employed by and the value of wealth owned by the
to denote the capital stocks employed by and the value of wealth owned by country
The world capital stocks   t K employed by the production sectors is equal to the total wealth owned by the households of all the countries. That is
Demand and Supply for Services
A region's supply of services is consumed by the region
Full Employment of the Regional Labor
The labor force is fully employed in each region
Full Employment of the National Labor Force
The national labor force is fully used
The Regional Land Being Fully Used
Each region's land is fully occupied for residential use
We thus built the model. The model is a special case of Zhang's model (Zhang, 2016) in the sense that it is the same as Zhang's model if all the parameters are constant. The model is general in the sense that it includes, for instance, the Solow growth model, the Uzawa two-sector growth model, and the Oniki-Uzawa trade.
SIMULATING THE MODEL
The world economy consists of any (finite) number of national economies. Although the dynamic system contains many time-dependent parameters, we provide a computational procedure for calculating all the variables at any point in time. In the appendix, we show that the dynamics of the global economy can be expressed as   j j Q 1 differential equations (in which one is actually algebra equation as shown in the appendix). First, we introduce a variable
The motion of the global economy is given by the following 
This result allows us to simulate the model with computer. As it is difficult to interpret the analytical results, to study properties of the system we simulate the model for a 3 -country economy. The rest of this section follows Zhang (2016) 8  3  3   32  31  22  21  12  11   32  31  22  21  12  11   32  31  22  21  12  11   32  31  22  21  12  11   32  31  22  21  12  11   32  31  22  21 12 11
We specify the initial conditions as follows 
The motion of the variables is plotted in Figure 1 . The simulation confirms that the system has a unique equilibrium. We list the equilibrium values in (22 
COMPARATIVE DYNAMIC ANALYSIS
We simulated the motion of the global economy when all the parameters are constant as in (21). This study is interested in how the national and global economies behave when the system experiences time-dependent shocks. As the 730 © 2017 AESS Publications. All Rights Reserved.
lemma in the previous section shows the computational procedure to calibrate the motion of all the variables with any type of exogenous shocks, it is straightforward to examine effects of change in any parameter. We consider the parameters in (21) as the long-term average values. We introduce different exogenous periodic perturbations around these long-term values. We use a variable   t x j  to stand for the change rate of the variable,  , t x j in percentage due to changes in a parameter. (1, 1) 
Perturbations in the Total Factor Productivity of Region

'S Capital Good Sector
We first study the effects of the following perturbations in the total factor productivity of region  
The simulation result is plotted in Figure 2 . All the variables experience periodic changes with different amplitudes.
The global income oscillates with greater amplitude than the global wealth. The wages of different parts of the global economy vary similarly. Country 1's variables have great amplitudes in the perturbations. 
Perturbations in the Total Factor Productivity of Region (2 1)'S Service Sector
We now examine how the global and national economies react to the following periodic perturbations in the total factor productivity of region   1 , 2 's service sector    .
The simulation result is plotted in Figure 3 . All the variables experience periodic. The global income and wealth fluctuate slightly with the technological fluctuation in the service sector. This is different from the impact of fluctuations in the capital sector's total factor productivity. The wages of different parts of the global economy and rate 1 , 2 's price and consumption levels of services fluctuate greatly, while the corresponding variables in the other regions change slightly. As services are locally consumed, the effects of technological changes tend to be reflected in the price and consumption of the local product. 
Exogenous Oscillations in Country 1's Propensity to Save
We now examine how the global and national economies react to the following periodic perturbations in country 1's propensity to save    . 
Exogenous Oscillations in Region (3, 2)'S Amenity Parameter
We now deal with how the global and national economies react to the following periodic perturbations in region (3, 2)'s amenity parameter
The simulation result is plotted in Figure 5 . The global and national economies experience business cycles due to exogenous periodic changes. The global income oscillates much less than the global wealth. The two regions in country 3 experience greater changes than the other two countries. Except the lot sizes, the microeconomic variables in the economic system are affected slightly.
Figure-5. Exogenous Oscillations in a Region's Amenity Parameter
Perturbations in Country 3's Propensity to Consume Housing
We now study how the global and national economies react to the following periodic perturbations in country 3's propensity to consume housing
The simulation result is plotted in Figure 6 . The global and national economies experience business cycles. The global income oscillates less than the global wealth. 
CONCLUSIONS
This paper generalized the global economic growth model with any number of countries and each country with any number of regions recently proposed by Zhang (2016) . Zhang's model extends Uzawa's two-sector growth model to a global economy for examining dynamic interactions between international trade, national and global growth, interregional migration, wealth accumulation, and regional amenities. This study generalized Zhang's model by allowing all the time-independent parameters to be time dependent. The generalization makes it possible to examine effects of any types of exogenous time-dependent shocks on the dynamic system cross regions over time. We simulated the model of the global economy with three countries and each country with two regions. We demonstrated the existence of equilibrium point and confirmed (local) stability of the equilibrium point. We also conducted comparative dynamic analysis with regard to exogenous periodic shocks in the total factor productivity of regions' capital good sectors, the total factor productivities of the service sectors, the propensities to save, the amenity parameters, and the propensities to consume housing. Our comparative analysis shows how business cycles are generated by periodic exogenous shocks. The study may be extended in different ways. For instance, we may further analyze behavior of the model with other forms of production or utility functions. Moreover, households in each country should be heterogeneous. Also issues related to tax competition between countries or regions have caused great attention in economic geography. The current model is deterministic. Random factors are important in making the morel more relevant for explaining reality. 
